This paper examined whether education-, age-, and gender-matched Spanish-and English-speaking normals (n = 30 pairs) had comparable scores on the Mattis dementia rating scale (MDRS). It provides preliminary normative data on Spanish-speaking volunteers aged 55-89 years old (n = 54). It also compared the MDRS total score with its memory subscale score and the minimental state examination (MMSE) score on sensitivity and specificity for distinguishing normals from patients with dementia (n = 61). Spanish-speaking normals scored significantly lower than English-speaking normals on MDRS total and its attention, conceptualization, and memory subscales. The area under the receiver operating characteristic curve distinguishing normals from patients with dementia was not significantly different among the MDRS total, its memory subscale, and the MMSE. We conclude that (a) the norms based on English-speaking individuals are not appropriate for use with Spanish-speaking individuals, and (b) to screen for dementia, the shorter MDRS Memory subscale and the MMSE are as good as the entire MDRS.
Introduction
The Mattis dementia rating scale (MDRS; Mattis, 1988) was developed as a screening instrument to assess the cognitive status of patients with dementia. It consists of 36 tasks divided into five subscales of attention, initiation/perseveration, construction, conceptualization, and memory, with a maximum total score of 144.
Every year from now until 2050, Hispanic immigrants are projected to add more to the population of the United States than any other ethnic group (Day, 1996) . However, to date the MDRS has been used mostly with Englishspeaking samples, and only a few studies have administered the MDRS to Spanish-speaking participants (Arnold, Cuellar, & Guzman, 1998; Hohl, Grundman, Salmon, Thomas, & Thal, 1999; Taussig, Henderson, & Mack, 1992) . The Hohl et al. paper only presented data from patients with probable and possible Alzheimer disease. The Arnold et al. and Taussig et al. papers presented data on both normal controls and patients with dementia. Only the Arnold et al.
paper, however, presented data for the MDRS subscale scores as well as its total score for Spanish-speaking normal controls, but the data are not stratified according to education or age, which would enable more precise evaluation of an individual's performance.
Older Spanish-speaking residents of the U.S. differ from their English-speaking counterparts not only in language and other cultural aspects, but also in their lower average level of education. For older population samples, cognitive test performance has repeatedly been found to correlate positively with education, and sometimes also negatively with age (e.g., Vangel & Lichtenberg, 1995) . The first purpose of our study was to examine whether Spanish speakers and English speakers have comparable performance on the MDRS when they are individually matched on education, age, and gender. If they do, then clinicians can make use of the existing MDRS normative data based on English speakers (e.g., Lucas et al., 1998; Marcopulos, McLain, & Guiliano, 1997 ) whenever a Spanish-speaker's education and age are within the ranges of the English norms. If significant differences between Spanish and English speakers are found on their MDRS scores, the second purpose of the present study was to provide preliminary normative data on the MDRS total and subscale scores based on Spanish-speaking elders, including those with few years of formal education.
For screening instruments, brevity and ease of administration are practical considerations. Although the MDRS provides five subscale scores, most studies have used only its total score to screen for dementia, and the 144-point MDRS takes about 20-30 min to administer and score. Impairment in recent memory is usually the earliest and most prominent sign of senile dementia. The Memory subscale of the MDRS includes five tasks (orientation, two verbal recall tasks, verbal recognition, and visual recognition), has a score range of 0-25 on recent memory, and takes only about 5-8 min to administer and score. In comparison, the commonly used 30-point mini-mental state examination (MMSE; Folstein, Folstein, & McHugh, 1975; Taussig et al., 1992) takes about 10 min to administer and score. The third purpose of the present study was to compare the MDRS total, the MDRS Memory subscale, and the MMSE on their sensitivity and specificity for dementia.
Method

Participants
Spanish-speaking normal controls
All 54 normal controls spoke Spanish either exclusively or as their first language, and considered themselves to be Hispanic in ethnic classifications. In selfreport, 59% classified themselves as monolingual, and 41% as bilingual. The majority came from either Mexico (22%), Cuba (17%), Peru (17%), or El Salvador (11%). The remaining one third came from eight Central or South American countries, or were born in the United States. Their residency in the U.S. ranged from 8 to 82 years (Mdn = 29 years).
Most of the participants were recruited through community-outreach activities such as presentations at medical, mental health, and senior citizen centers in the metropolitan Los Angeles area. They were invited and gave informed consent to participate in the Alzheimer's disease research programs based at the University of Southern California (USC) and the Rancho Los Amigos National Rehabilitation Center. All of them underwent an intake interview on demographic background and medical history, and also received a brief neurological examination by a neurologist. Controls had no known neurological or psychiatric diseases and were designated to be "normal" (score = 0) on the Clinical Dementia Rating (CDR) scale (Hughes, Berg, Danziger, Coben, & Martin, 1982) .
Spanish-speaking patients
The 61 patients with dementia were seen at memory and dementia clinics affiliated with USC. All patients spoke Spanish either exclusively or as their first language, and considered themselves to be Hispanic in ethnic classifications. In selfreport, 66% classified themselves as monolingual, 34% as bilingual. The majority of the patients came from Mexico (44%), Cuba (18%), or the United States (11%). Similar to the Spanish-speaking controls, their residency in the United States ranged from 3 to 78 years (Mdn = 30 years). Patients met the NINCDS-ADRDA criteria (McKhann et al., 1984) for possible or probable Alzheimer's disease (n = 41) or other dementias (n = 20) including ischemic vascular dementia, isolated cognitive deficits, and Parkinson's disease. Diagnoses were made by USC faculty neurologists based on history, neurological examination, laboratory tests, CT or MR scan, and neuropsychological test findings. Among the 61 patients, there were 14 with questionable dementia (CDR = 0.5), 32 with mild dementia (CDR = 1), 13 with moderate dementia (CDR = 2), and 2 with severe dementia (CDR = 3).
The 30-point geriatric depression scale (Taussig et al., 1992; Yesavage et al., 1983 ) was used to screen for depression. Patients or normal controls who screened positive (score 15 or greater) or were clinically judged to be depressed were excluded (n = 9) from this study.
English-speaking normal control comparison group
English speakers were selected from the database of 255 normal controls participating in an ongoing National Institute on Aging-funded program project on aging and dementia. An attempt was made to select individuals who matched each of the 54 Spanish-speaking normals on education (within 1 year), age (within 3 years), and gender. All matches were made without knowledge of test scores, and an attempt was made to minimize the mean difference in education and age, and to maximize the match on gender between the two language groups. Primarily because the English-speaking sample did not have individuals with less than 8 years of education, only 30 pairs of Spanishspeaking and English-speaking normals were matched. All English speakers spoke English fluently and self-identified as Caucasian (n = 21), African-American (n = 3), Hispanic (n = 1), or Asian (n = 5).
Procedure
The MDRS was administered as part of a larger neuropsychological test battery that took about 2 h to administer. Interview and testing were conducted by bicultural clinical psychologists or specially trained doctoral-level students who were fluent in both English and Spanish. The Spanish version of the MDRS (Arnold et al., 1998; Mattis, 1973) was used. Information on reliability and validity for the MDRS is available in Arnold et al. (1998) and Mattis (1988) .
Data analysis
Two-tailed values of p < 0.05 were considered significant. To gauge the magnitude of score differences between Spanish and English speakers on the MDRS, effect sizes (d) were computed by dividing the mean differences by the pooled standard deviations (Johnson, 1989) . Effect sizes were considered to be small if they were about 0.20 or lower, medium if they were about 0.50, and large if they were about 0.80 or higher (Cohen, 1988, pp. 24-27) .
Results
Demographic information and MDRS test scores of the Spanish-speaking normals, and the intercorrelations within and between the two sets of variables, are presented in Table 1 . In this sample, men's age (M = 74.6 years, S.D. = 9.7) tended to be older than women's (M = 69.8, S.D. = 5.9), p = 0.12, but the genders were comparable in years of formal schooling. In general, test scores were not significantly correlated with age or gender (except for Attention where men were associated with higher scores), but were positively correlated with education. Among the MDRS subscales, only attention and initiation/perseveration showed a low to moderate correlation between themselves.
Test performance was not significantly correlated with years of residence within the United States for either the normal controls or the patients. For the normal controls, the correlation coefficients ranged from −0.12 to +0.14 for the subscales (all ps > 0.32) and r = 0.02 (p = 0.87) for MDRS total. For the patients, the correlation coefficients ranged from −0.17 to +0.06 for the subscales (all ps > 0.20), and r = −0.16 (p = 0.23) for MDRS total.
For the normal controls, there were no significant differences in test performance in the bilinguals (n = 22) versus the monolinguals (n = 32) except for the memory subscale, where the bilinguals scored slightly higher (M = 22.7, S.D. = 1.9) than the monolinguals (M = 21.1, S.D. = 2.7), p = 0.02. For the patients, no significant differences in test performance were observed except for the Attention subscale, where the bilinguals (n = 21) scored slightly higher (M = 33.7, S.D. = 2.1) than the monolinguals (n = 40, M = 32.0, S.D. = 3.6), p = 0.02.
Comparisons between Spanish-and English-speaking normals on their MDRS scores
The education, age, and MDRS scores of the two matched language groups are shown in Table 2 . The two groups were comparable on education (having on average some college education) and age; 27 of the 30 pairs also matched on gender. However, the Spanish-speaking sample scored significantly lower than the English-speaking sample on MDRS total as well as on its attention, conceptualization, and memory subscales, and the effect sizes were large. In post hoc analyses, the three subscales with significant differences between the two language groups were examined further to find out which tasks most contributed to the differences observed; Bonferroni adjustments were made to the probability levels. Spanish speakers scored significantly lower than English speakers on the following tasks (Mattis, 1988) : (a) for attention, counting distraction 1 (task AD); (b) for conceptualization, identities and oddities (task V); (c) for memory, verbal recall-reading (task AF) and verbal recognition (task AI); all ps < 0.01.
In addition to the significant differences in several mean scores between the two language groups, sometimes the intercorrelations among the MDRS scores, as well as their associations with education, age, and gender, were also different between the two language groups. The findings are summarized in Table 3 . One of the most noticeable Min: minimum score; P15: 15th percentile score.
differences was that for the Spanish speakers, the MDRS total score had no correlation with age or gender. For the English speakers, however, higher MDRS total scores were associated with younger age (also observed in Lucas et al., 1998; Marcopulos et al., 1997) and women. We used ANOVA to test whether there were significant differences in demographics or MDRS scores (variables listed in Table 1 ) among the three largest groups of Spanish-speaking normals according to their countries of origin [Mexico (n = 12), Cuba (n = 9), and Peru (n = 9)], which are distinct in geography, culture, and history. Significant differences were observed for education When education was used as a covariate, however, no significant differences were observed. Therefore, we think the difference observed between the Spanish speakers and English speakers were not largely attributable to the heterogeneity of the Spanish-speakers' country of origin.
Preliminary normative data of Spanish-speaking elders
Because education was strongly correlated with test scores, we stratified the data into three education ranges of 1-7, 8-12, and 13-20 years. The preliminary normative data for the 54 Spanish speakers are presented in Table 4 . In addition to the means and standard deviations, the lowest and the 15th percentile scores are also included.
Comparisons with published MDRS norms
We found only two published papers (Arnold et al., 1998; Mattis, 1988 ) that could meaningfully be compared to our results because they included Spanish-or English-speaking normal controls and presented scores on both the MDRS total and all its subscales.
In a series of t tests for independent samples, we compared the mean test scores of both of our Spanish-and Englishspeaking matched controls to the normative data based on English speakers published in Mattis, 1988 (p. 19, Table 1 ). The norms provided are based on 85 normal participants (25 men and 60 women) from Canada; their education ranged from 4 to 18 years (M = 12.4, S.D. = 3.0) and their age ranged from 65 to 89 years (M = 74.0, S.D. = 6.1; Montgomery, 1982) . (The upper age limit of 89 is incorrectly reported to be 81 in the DRS dementia rating scale professional manual; Mattis, 1988.) We refer to these norms as the Montgomery sample after the author who provided the data (Montgomery, 1982) . On average our sample had 0.8 more years of education (nonsignificant) and was about 2.7 years younger (p < 0.05) than the Montgomery sample (cf. Table 2 ). Our English-speaking sample scored higher than the Montgomery sample on the MDRS total (mean difference = 2.0, t = 2.01, p = 0.05) and on the subscales of Attention (mean difference = 1.0, t = 4.64, p < 0.0001), Construction (mean difference = 0.2, t = 2.68, p = 0.009), and Memory (mean difference = 0.9, t = 2.96, p = 0.004). Our Spanish-speaking sample also scored significantly higher than the Montgomery sample on construction (mean difference = 0.2, t = 3.07, p = 0.003) but lower on MDRS total (mean difference = −3.4, t = -3.10, p = 0.003), conceptualization (mean difference = −2.3, t = −4.04, p < 0.0001), and memory (mean difference = −0.8, t = −1.86, p = 0.07). To our knowledge, only one other study, Arnold et al. (1998) , has reported data using the same Spanish translation of the MDRS as we did. Similar to our results, the authors reported that their Spanish-speaking sample performed significantly worse on MDRS total and all its subscales when compared to the English-speaking norms provided by Montgomery (1982) (all ps < 0.002). It is important to note, however, that the Arnold et al. Spanish-speaking sample had on average about 8 years less education than the Montgomery sample. Even though our Spanish-speaking sample had comparable age (M = 71.4 years) with that of the Arnold et al. sample (M = 71.3 years), our sample had significantly higher mean education (13.2 years versus 4.6 years, p < 0.0001). When we compared our results with those of Arnold et al., our Spanish-speaking sample scored significantly higher on the MDRS total and all its subscales (ps < 0.01).
To summarize, these findings corroborate that performance on the MDRS is positively associated with education level, but even after matching for years of education (and age and gender), Spanish speakers scored lower than English speakers.
Comparisons among MDRS total, MDRS memory, and MMSE in their sensitivity and specificity for dementia
The normal control group (n = 54) and the patients with dementia group (n = 61) were comparable in gender ratio, but on average the patient group was 3.9 years older (M = 74.7, S.D. = 8.9, range = 55-94) and had 3 fewer years of education (M = 6.4, S.D. = 5.3, range = 0-18) than the control group (cf. Table 1 ). When age and education were included as covariates in data analysis, the results still showed that the patient group scored significantly lower than the control group on the MDRS total and all of its five subscales (ps < 0.01).
The sensitivity and specificity of a screening instrument change with the selected cut-off score. A receiver operating characteristic (ROC) curve is a plot of sensitivity on the vertical axis against 1-specificity on the horizontal axis for the entire range of possible cut-off scores. The area under the ROC curve, or ROC-A, indicates the overall effectiveness of a screening test. An area of 1.00 indicates perfect differentiation between the normals and the patients. An area of 0.50 indicates complete uselessness of the screening instrument.
ROC curves for MDRS total, MDRS memory, and MMSE are shown in Fig. 1 . Areas under the curves were computed and contrasted using nonparametric statistics for correlated ROC curves (AccuROC, 2001; DeLong, DeLong, & ClarkePearson, 1988) . The ROC-A was 0.93 for MDRS total, 0.95 for MDRS memory, and 0.96 for MMSE. The three values were not significantly different, x 2 (2, N = 115) = 2.93, p = 0.23. When the 14 patients with questionable dementia (CDR = 0.5) were removed from the analysis, the areas under the curves were slightly greater and ranged from 0.97 to 0.99 and the three correlated ROC curves remained nonsignificantly different from one another, x 2 (2, N = 101) = 2.29, p = 0.32.
Further, when we matched the Spanish-speaking patients and normal controls using the same matching criteria above (education within 1 year, age within 3 years, and maximizing gender matches), 30 pairs were matched. Although the areas under the curves were again not significantly different from one another (ROC-A was 0.88 for MDRS total, 0.95 for MDRS memory, and 0.94 for MMSE), there was a trend for the ROC-As to be larger for both the MDRS memory and MMSE.
Using the complete sample (54 normal controls, 61 patients), the cutpoints for the three screening tests are presented below. Two cutpoints are presented for each test, one maximizing sensitivity to detect percent of patients falling at or below the cutpoint and the other maximizing specificity to detect the percent of normals falling above the cutpoint. For MDRS total, the cutpoints were 125 (92% sensitive, 80% specific) and 120 (80% sensitive, 91% specific). For MDRS memory, the cutpoints were 19 (93% sensitive, 81% specific) and 17 (82% sensitive, 89% specific). For MMSE, the cutpoints were 26 (93% sensitive, 83% specific) and 24 (80% sensitive, 98% specific).
Discussion
Despite being closely matched on education, age, and gender, Spanish-speaking normal controls scored significantly lower than their English-speaking counterparts on the MDRS total as well as its attention, conceptualization, and memory subscales. This finding is corroborated by comparing our Spanish-speakers' data to the published norm in Mattis (1988) , based on English-speaking individuals, where we found lower scores from the Spanish speakers on MDRS total and the conceptualization and memory subscales. In follow up analyses, we observed that some key tasks were primarily responsible for the differences observed. For example, for conceptualization, the identities and oddities task was found to differ significantly between the two language groups. This difference was also observed earlier by Jacobs et al. (1997) who administered only the identities and oddities task from the MDRS in their study. Even though our matched Spanish-and English-speaking samples had on average some college-level education (i.e., 13.2 years), the Spanish speakers scored lower. Perhaps the discernment of similarities and differences among figural stimuli (the task of identities and oddities) is more emphasized in the educational curriculum in the United States compared to the educational systems of the countries our Spanish-speaking participants came from (see Jacobs et al., 1997 , for further discussion).
Our findings are at variance with those of Taussig et al. (1992) who reported no significant difference between Spanish-(n = 18) and English-speaking (n = 16) normal controls on the MDRS total after adjusting for age and education differences. The results of the Taussig et al. report are based on a different, unpublished translation of the MDRS than the one used in this study. In addition, their smaller sample size is subject to larger sampling error and therefore less conducive to statistically significant results.
Many factors can contribute to the observed differences in MDRS scores between the Spanish and English speakers. These include the differences in language features (Kempler, Teng, Dick, Taussig, & Davis, 1998) , as well as cultural and educational differences between Spanish-speaking Americas and the United States (Cervantes & Acosta, 1992; Gasquoine, 1999) . Even though we closely matched the two language groups on years of formal schooling, we realize that this does not ensure comparable educational experience (Loewenstein, Arguelles, Arguelles, & Linn-Fuentes, 1994; Teng & Manly, 2005) . Literacy may be more sensitive than years of education as a predictor of differences in test performance among ethnically diverse elders (Manly, Byrd, Touradji, Sanchez, & Stern, 2004) . Much work remains to be done to examine the various factors that contribute to the different performance between the two language groups. Regardless, the current findings underscore the importance of establishing separate norms for Spanish-speaking individuals. Our preliminary normative data have made a modest contribution in this regard, even though our study does have two limitations: (a) our sample was not randomly selected and may not be closely representative of the Spanish-speaking elders in the United States and (b) the sample size was small, especially after dividing into three education ranges.
Area under the ROC curve was remarkably large for all three screening measures (MDRS total, MDRS memory, and MMSE). Four factors may have contributed to the separation between the normal controls and patients with dementia, resulting in high ROC-A values. First, the normal controls had a benign medical history, screened negative for evidence of neurological or psychiatric diseases, and volunteered their participation; therefore they were probably more physically and cognitively "fit" than their normal control peers. Second, on average the normal controls were younger and better educated than the patients with dementia. Third, in the diagnosis of dementia our clinicians were not blind to the MMSE scores, even though to establish multiple cognitive impairment, more attention was paid to the findings on the other non-MDRS tests in the neuropsychological test battery, and historical and medical data were also carefully considered. Fourth, this study did not focus on the differentiation between normal controls and individuals with mild cognitive impairment.
Memory impairment is the earliest and most pronounced sign for a large majority of patients with dementia, especially of the Alzheimer type. The current findings demonstrate that, to screen for dementia in a sample where the majority of cases have AD-type dementia, the shorter MDRS memory subscale, as well as the MMSE, are as good as the entire MDRS. Because the MDRS memory subscale (comprised of five verbal and nonverbal tasks) is even easier to administer and score than the MMSE, it may be the best choice among the three. It is important to note, however, the full MDRS is useful for some other purposes, including the establishment of a comprehensive baseline for subsequent comparison and analysis of change, and providing a profile of preserved as well as impaired cognitive abilities that may help distinguish between different forms of dementia.
